AN ELECTRON MICROSCOPE STUDY OF THE MORPHOLOGY AND DISTRIBUTION OF THE INTRACYTOPLASMIC "VIRUS-LIKE" PARTICLES OF EHRLICH ASCITES TUMOR CELLS by Adams, W. Robert & Prince, Alfred M.
AN ELECTRON MICROSCOPE STUDY OF THE MORPHOLOGY AND 
DISTRIBUTION OF  THE  INTRACYTOPLASMIC  "VIRUS-LIKE" 
PARTICLES  OF  EHRLICH  ASCITES  TUMOR  CELLS* 
BY  W.  ROBERT  ADAMS,~  M.D.,  AND  ALFRED  M.  PRINCE,§  M.D. 
(From the Department of Pathology, Yale University School of Medicine, New Haven) 
PLATEs 29 TO 31 
(Received for publication, December 10, 1956) 
INTRODUCTION 
During the course of a series of electron microscope studies on Ehrlich ascites 
tumor  (EAT)  cells,  carried out in this laboratory,  a  distinctive particle was 
identified in close association with the endoplasmic reticulum of normal cells. 
Coincident  with  our findings  this  same  observation  was made  by Caulfield 
and Porter (cited in reference 4) and by Moore (1). Similar particles had previ- 
ously been reported in EAT cells infected with Anopkdes A virus and had been 
tentatively identified as the intracellular  form of this virus by Friediaender 
et al.  (2, 3). As the studies described in the present paper neared completion a 
report by Friedlaender and Moore (4) appeared describing the occurrence of 
these particles in the endoplasmic reticulum of uninfected EAT cells. 
Since the morphology of these particles suggested that they might represent 
virus, it seemed of some importance to conduct a  systematic  examination of 
several different sublines of the Ehrlich  ascites tumor in order to determine 
whether they were truly characteristic of the EAT cell, or whether they oc- 
curred only sporadically. The necessity for carrying out extensive studies of 
many different sublines of tumor obtained from different geographic locations 
in order to establish this point is emphasized by the rare finding  of a different 
type of intraceUular  "virus-like" particles in uninfected Ehriich ascites tumor 
ceils by Selby eta/.  (5),  which was thought by these investigators to be due to 
contamination with unknown virus. 
It is the purpose of this communication to describe in detail the morphology 
and distribution of these particles in eight different sublines of EAT cells, and 
to discuss two possible interpretations of their significance. 
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Methods 
The following Ehrlieh ascites tumor sublines  1 were examined: 
1.  Near TdrapIoid Subline Number 1.--Originally  obtained from Dr. G. Klein (Karolinska 
Inst.  Stockholm),  carried  by  Dr.  T.  S.  Hauschka  (Roswell  Park  Memorial  Institute, 
Buffalo)  in  I.C.R.  strain  virus  mice, obtained  by  us  from  Dr.  M.  Friedlaender  (Sloan- 
Kettering Institute  for Cancer  Research,  New York)  in  Swiss Banks mice (Millerton Re- 
search Farm, Millerton, New York.) 
2.  Near  Te~rapoloid Subline  Number 2.--Same ultimate  source as above, received by us 
from Dr. Prusoff (Department of Pharmacology,  Yale University School of Medicine, New 
Haven) in DBA mice. 
3.  Near  Tetraploid Subllne  Number  3.--Same  ultimate  source as  above,  received from 
Dr. T. S. Hanschka in Swiss mice. 
4.  Near  Tetraploid Subline  Number  4.--Obtained  by  Dr.  K.  Sugiura  (Sloan-Kettering 
Institute for Cancer Research, New York)  from Dr. G. Klein. Received by one of us from 
Dr. Sugiura in 1951, and passed by us since that time in CF-1 (Carworth Farms) mice. 
5.  Near  Tetraploid SubUne Number  5.--Obtained  originally from Dr.  G.  Klein by Dr. 
Koprowski  (Lederle Laboratories, American Cyanamid  Co., Pearl River, New York)  and 
received by us from Dr. Markham of the Lederle Laboratories. 
6. Hypertetraploid Single Cell Clone E-L--Isolated by Dr. T. S. Hauschka from the above 
near tetraploid tumors, and received from him in Swiss mice. 
7.  Hypotetraploid Single Cell Clone E-g.--Isolated by Dr. T. S. Hauschka from the above 
near tetraploid tumors. Received by us from Dr. Helen Harrington  (Western Reserve Uni- 
versity School of Medicine, Cleveland) in CF-1  (Carworth Farms)  mice. 
8.  Hyperdiploid  Subline.--Ori~mally  obtained  from Dr. Lettre  (Heidelberg University) 
and received by us from Dr. Hausehka in Swiss mice. 
An aliquot of each of these was fixed and embedded for electron microscope examination 
immediately upon receipt. Following this each subline was maintained by serial weekly passage 
into CF-1 female mice. 
Preparation of Calls  for Microscopy.--ApprorSmately  0.1 ml. of ascitic fluid of 3 to 6 days' 
inoculation age was removed by capillary pipette from the peritoneal cavity of the anes- 
thetized mouse and placed immediately in 5 mi. of i per cent OsO4, buffered at pH 7.4 with 
veronal-acetate buffer.  After fixation for 30  minutes  at  room temperature  the  cells were 
washed in buffer, dehydrated in increasing concentrations of ethyl alcohol, carried through 
three changes of methacrylate monomer, and suspended  finally in partially prepolymerized 
methacrylate (Robin and Haas)  consisting of 8 parts n-butyl methacrylate to 1 part methyl 
methacryiate. Fluid changes in the washing, dehydration, or infiltration sequence were made 
by first gently centrifuging the cells,  then discarding the superuatant  and  resuspending in 
the next fluid; a  total of 5 minutes was allowed for each fluid change. Polymerization was 
carried out at 65°C.  Sections were cut on a microtome of the Porter-Blum type fitted with a 
glass knife. They were then mounted on formvar-coated copper specimen grids and examined 
in an RCA EMU-2E electron microscope. Electron micrographs were taken at initial magni- 
fications of 4000 to 18,000 and enlarged photographically to the indicated values. Sections 
were examined without removal of the embedding material. 
Sampling Procedure.--As  noted above, an initial fixation and embedding were carried out 
on each Ehrlich ascites tumor (EAT) subline as soon as it was  received from the respective 
laboratory supplying it. The purpose  of this procedure  was to eliminate the possibility of 
contamination with viruses that might be present in our laboratory or mice. In addition to 
1 We wish to acknowledge the kindness of the many persons who supplied us with these 
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these initial preparations, 1 to 3 aliquots from each EAT subline were prepared for electron 
microscopy after two to six passages in CF-1 mice in our laboratory. Ten to forty sections 
from each aliquot were examined in the electron microscope. Random sampling was easily 
achieved since only rarely was it possible to detect the particles being studied by visual 
examination of the image on the fluorescent screen of the microscope. Thus cells to be re. 
corded on the photographic plate were "selected" only to the extent that an attempt was 
made to avoid those areas which were either too thick or too poorly fixed, or were otherwise 
unsuitable for micrography. 
OBSERVATIONS 
Many of the salient features of a  typical Ehlich cell have been described by 
others  (6).  These are illustrated  in  Fig.  1 and  will  be briefly mentioned  for 
purposes of orientation.  The  generally elliptical profile of the  cell and  of its 
component structures  is primarily an artifact  of compression resulting  from 
sectioning. The plasma membrane is seen in the section as a  single  dense line 
which measures approximately 4 re#in width and which is thrown into numer- 
ous irregular folds or pseudopodia. 
The nucleus is almost always irregular in shape and is usually narrowed by 
a nuclear notch. It is limited by a  double membrane system composed of two 
dense lines measuring 4  to 5 m# in width each and separated by a  less dense 
zone which varies from 6  to  13 m# in width.  Nuclear pores, visible as focal 
discontinuities in sections of the membrane (Fig.  i, np), are occasionally seen. 
The nuclear material appears granular in profile. These granules measure ap- 
proximately 40 to 110 A in diameter and are usually segregated into irregular, 
poorly defined  clumps,  imparting  a  more or less mottled appearance  to  the 
nucleus. 
The  cytoplasmic granules  measure  70  to  130  A  in  diameter.  Embedded 
among them are the more highly organized components of the cytoplasm. The 
irregular,  frequently stellate lipoid inclusions are extremely variable in num- 
ber and size. Also variable in number and shape are the mitochondria which 
lie, more often than not,  in a  juxtanuclear  position. An additional  structure 
occurs with lesser frequency (one to four per cell section)  (Fig. 1, S). It has an 
elliptical or circular profile which varies from 90 to 1,000 In# in diameter. It is 
bounded by a  smooth surfaced, usually single, but occasionally double, mem- 
brane, and contains numerous vesicles of varying sizes. These vesicles are most 
often empty but  rarely contain  small  quantities  of finely granular  material. 
Although these structures are seen in published electron micrographs of EAT 
cells (6)  their significance has not received comment and is at present unclear. 
It is possible that they represent unusual forms of mitochondria, an interpre- 
tation which  has been suggested for similar structures  observed in other cell 
types (7). 
Endoplasmic reticulum (8-10), of both smooth surfaced and rough surfaced 
types (9), is present. Portions of the smooth surfaced reticulum, identified in 
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predominantly  juxtanuclear  position  and  appear  in  section  as  packets  d 
parallel  membranes  closely  associated  with  masses  of  vesicles.  Additional 
smooth surfaced vesicles occur singly and in small groups scattered throughout 
the cytoplasm. The rough  surfaced reticulum  occurs as scattered individual 
narrow sinuous spaces and irregular small vesicles throughout the cytoplasm. 
The rough surfaced membranes occasionally are continuous with the smooth 
surfaced type in a manner similar  to that demonstrated in other cell types by 
Palade and Porter (9). The granules  encrusting the rough surfaced reticulum 
are not uniformly spotted along  the external  surface of the membrane  but 
vary widely in population density, leaving relatively long stretches of membrane 
free of granules.  That these granules and the similar particles lying free in the 
cytoplasm probably contain  R.NA was originally  suggested by Palade  (I0). 
The proportion of cytoplasmic RNA included in them is still in doubt, how- 
ever; for Kuff, Hogeboom, and Dalton  (12),  in a  biochemical study of frac- 
tionated rat liver homogenate, recovered only 11 per cent of the total recover- 
able RNA from the fraction comprised of particles less than 200 A in diameter. 
In contrast, a similar  study by Palade and Siekevitz (13) indicated that most 
of the recoverable RNA was present in the small particle fraction. 
In addition to the above familiar structures another type of particle is fre- 
quently found in  intimate  association with  cytoplasmic vesicles  (Figs.  I,  p 
and 2). A spherical form of these particles was originally described by Fried- 
laender et a~. (2, 3) and "horseshoe" forms attached to the limiting membrane 
of the endoplasmic reticulum in a manner similar  to that illustrated in (Text- 
fig. i, b) and (Fig.  2, a) have been described by Friedlaender and Moore (4). 
These particles are relatively dense (Fig.  I, p)  and measure 55 to 70 In# in 
major diameter (Friedlaender et o/.  (3, 4) report a  diameter of 55 to 65 m#). 
In  section their  profile  is  generally circular  or ellipsoidal  (probably due  to 
compression artifact) and is composed of two concentric dense lamellae  sepa- 
rated by an annular zone of lesser density which measures 7 to 9 m/~ in width. 
The inner lamella measures approximately 3 to 4 In# in width, while the outer 
averages about 6 In# in width and is sporadically resolved (Figs.  3-8) into a 
dual structure composed of two dense components separated by a light zone; 
the width d  each of these three components is estimated to be of the order of 
20 to 25 A.  This  observation  is  interpreted  as  indicating  a  constant  dual 
structure  for the  outer  lamella  (Text-fig.  1).  The  justification  for  such  an 
interpretation and the reasons for such rare visualization of duality in a double 
membrane  system  of  extremely  small  dimensions  have  been  presented  in 
detail by Low (14).  A  central  circular  or  ellipsoidal  space of low electron- 
scattering power measuring 25 to 40 In# in major diameter is present. In agree- 
ment with an observation of others (2) some of the particles have a shell struc- 
ture composed of "globules" which average approximately 10 In# in diameter 
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Each particle  is always associated  with  a  membrane which  either partially 
or completely surrounds  it.  These  investing vesicles  usually  are  smooth  sur- 
faced but in some instances granular  encrustations are present on the external 
surface of the vesicle membrane. The problem of deciding whether the vesicles 
are part of the endoplasmic reticulum or are other,  as yet unidentified  struc- 
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TExT-FIG. 1.  Schematic representation  of the different morphological types of particle 
seen in the cytoplasm  of uninfected  Ehrlich  ascites tumor cells. As noted  in the text the 
membranes surrounding the particles can in most cases be positively identified as endoplasmic 
reticulum.  (a)  through  (f)  represent  the various  morphological forms that have been en- 
countered,  frequently  side by side in the same section plane of a single cell. Careful study 
of these profiles reveals that most of them can be interpreted  as sections in different planes 
through one or two basic particle types. Even the free forms (D may be attached at some 
point outside the section plane. These considerations emphasize that the inference of a de- 
velopmental  sequence from this list  of profiles is unjustified.  Note that the dual  external 
lamella seen only sporadically in the micrographs for reasons discussed in the text,  is here 
interpreted  as a circumferentially constant structure. 
tures is sometimes difficult. Although in cross-section the investing membranes 
are usually devoid of granules, examination of obliquely sectioned "tubules" of 
endoplasmic reticulum indicates the reason for this.  In the immediate vicinity 
of the contained particle  the granules diminish  in number or are absent  alto- 
gether from the membrane surface (Fig.  1, p).  Since such obliquely sectioned 
tubules  almost always reveal continuity between  the agranular portion of the 
membrane  surrounding  the  particle  and  an  adjacent  granular  portion  which 
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conclude that the membrane system which invests the particles is the endo- 
plasmic reticulum. 
The particles are only rarely found in the peripheral zones of the cell and 
usually occur near the nuclear notch in  the region of the  Golgi apparatus. 
Examination  of  any  one  section  plane  reveals  several  morphologic  types 
separated into two broad classes; i.e.,  particles whose profiles are continuous 
with the investing membrane and those whose profiles are not attached to the 
surrounding vesicle (Fig. 2). Those in continuity with the investing membrane 
range from broad shallow invaginations of the membrane (Fig. 2, a  and Fig. 
8), through a variety of morphologic forms (Fig. 2, b, c and Figs. 3 and 8), to 
particles with a  circular profile whose outer lameUa  only is attached to  the 
investing vesicle membrane by a thin pedicle (Fig. 2, d). Particles lying free in 
the vesicles may be single or may form bead-like chains composed of two or 
three units (Fig. 2, f  and Fig. 6). In Text-Fig. 1 the above forms are schema- 
tized. This figure is no more than a pictorial list of the different morphologic 
profiles that have been encountered and should not be interpreted as indicating 
a developmental sequence. Not only can several of these forms be interpreted 
as  sections through different planes  of one structural type,  but  there  is  in 
addition no evidence for a biological time scale relating the occurrence of the 
different forms in temporal sequence. This latter point is emphasized by the 
repeated finding of all the above forms in a single section, frequently adjacent 
to one another in a single cell. 
It is emphasized that the above is a  two dimensional or profile description 
derived from study of a  single section plane, and as such provides only sta- 
tistical evidence of third dimension detail; however, a  spherical shape is sug- 
gested by the absence of elongated profiles which might indicate axial section 
of tubular  or  elongated forms. This  suggestion receives  some support  from 
serial section studies which indicate that the particles are definitely not greatly 
elongated and that they probably have a  spherical or ellipsoidal shape. The 
ellipsoidal shape exhibited by most of the particles is probably due in large 
part to compression caused by impact of the microtome knife. This interpreta- 
tion is suggested by the fact that  the long axes of the  ellipses  are  roughly 
parallel and are oriented perpendicular to the direction of knife motion. Since 
the diameter of the particles is at most only two or three times greater than 
the thickness of a  single section it might be  anticipated that  little,  if any, 
additional information could be gleaned from serial section analysis. This is 
indeed  the  case.  In  particular,  it  has  not  been  possible  to  determine  with 
certainty whether  "free" particles,  i.e.  those not attached at  any point  to 
the vesicle,  are ever present. One mechanical difficulty which may contribute 
to this uncertainty is the possibility of loss  of varying amounts of material 
with each passage of the knife edge. Full treatment of this and other aspects 
of serial section analysis has been published recently by Williams and Kall- 
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Ehrlich ascites  tumor cells  containing the  particles  described  above  were 
found in all sections studied. Although the frequency of occurrence in indi- 
vidual sections varied widely, no over-all significant quantitative or qualitative 
differences among  the eight  different  sublines  were  observed.  In  any one 
section plane the fraction of cells which contained particles varied from 1 to 
25 per cent, and the number of particles per cell varied from 1 to over 40, with 
an average of approximately 10 particles per cell.  The significance of these 
figures is apparent when it is remembered that a section through any particular 
cell includes an average of somewhat less  than 0.1  per cent of the total cell 
volume. This would indicate either that virtually every cell  of the material 
examined contained significant numbers of particles, or that from 1 to 25 per 
cent of the cells  examined contained such large numbers as to render them 
apparent at all levels within the cell. 
DISCUSSION 
It was the purpose of the present investigation to study the particles previ- 
ously found (2, 3) in EAT cells under certain conditions, and to examine their 
morphology and incidence in several different sublines of the Ehrlich ascites 
tumor with the hope of providing information which would assist in the ultimate 
identification of these structures. 
The results of this  investigation lead to  three fairly definite conclusions. 
First,  the  particles are  present  in  the endoplasmic reticulum and  exhibit a 
constant morphological pattern  characterized by varying degrees of attach- 
ment to the endoplasmic reticulum in a  manner suggesting possible origin at 
the surface of the reticulum membrane. Second, the precautions observed and 
the  finding of similar particles  in  cells  obtained from separate  laboratories 
would seem to eliminate the possibility that the particles represent contaminat- 
ing virus. Certainly, to entertain the latter possibility is to postulate contamina- 
tion with the same virus existing simultaneously in five separate laboratories, 
which is highly unlikely. (That Ehrlich's original strain of cells,  from which 
the present sublines are probably descended, acquired a  contaminating virus 
and transmitted it through several hundred generations is also a  possibility, 
again unlikely.) Third,  the particles occur uniformly in all sublines of EAT 
cells  studied thus far and appear to be a  constant morphological component 
of the Ehrlich ascites tumor. 
Although the nature of these particles is not clear,  two possibilities exist. 
One possibility that must be considered is that they do actually represent virus. 
If  this  is  the  case  their  occurrence  in  several  different tumor  cell  sublines 
propagated in different strains of host mice and obtained from different geo- 
graphic locations would, as noted above, argue strongly against inadvertent 
laboratory or mouse sources of viral contamination. This consideration would 
tend to implicate the Ehrlich ascites tumor as an obligate carrier of the postu- 
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virus is its morphology, which is more closely akin to that which has been 
demonstrated for some viruses than to that of any normal cellular component 
which has yet been described. The Ehrlich ascites tumor is thought to have 
arisen from the mouse mammary tumor (16)  (although documentary proof of 
this origin has been lost), and in this vein it is interesting to note that Bern- 
hard (17),  in a  study of the mouse mammary tumor, has demonstrated intra- 
cellular particles identified as  the mammary tumor agent which bear  some 
resemblance  to  the  spherical  (i.e.  not  attached  to  the  surrounding  vesicle) 
forms of the above described particles. To complete this comparison, however, 
it should be pointed out that the intracellular particles which Bernhard found 
were not associated with the endoplasmic reticulum. Further doubt is cast on 
the suggestion that the particles might represent virus by the failure of at- 
tempts to isolate an etiological agent from EAT cells (4, 18). 
A second possibility, of course, is that these structures represent a heretofore 
unrecognized "normal" cytoplasmic component. This idea receives token sup- 
port from the fact that although vesicle formation has been reported (7)  and 
virus-like particles  have  occasionally been  demonstrated within membranes 
thought  to  be  endoplasmic reticulum  (19),  none  of  several  recent  electron 
microscope studies of intracellular virus (7,  19-28)  has demonstrated such a 
constant and obvious association of particles with either the rough surfaced 
or smooth surfaced portions of the endoplasmic reticulum. Countering this is 
a  rapidly increasing mass of morphological data covering scores of cell types 
which has so far not demonstrated similar particles in cells other than those 
of the Ehrlich ascites tumor. 
A third and much less likely possibility is that the particles represent some 
form of or product of phagocytosis. 
Although present  evidence bearing on the nature of these particles is in- 
sufficient to suggest a  choice between the possibilities here considered, it  is 
reasonable to hope that this situation will not continue. 
Regardless of the nature of these structures further detailed study of the 
intimate and varied relationship which they have with the endoplasmic reticu- 
lum might be  expected  to  yield important  information concerning the  role 
played by the endoplasmic reticulum in cell physiology. 
SUMMARY 
Electron microscope  studies of  eight  different sublines  of Ehrlich  ascites 
tumor cells  which had not, as far as could be determined, come in contact 
with  any  known  virus,  revealed  dense  particles  measuring  approximately 
55 to 70 mp in diameter, both within and attached to the wall of cytoplasmic 
vesicles identified as the endoplasmic reticulum. 
All tumor sublines contained significant numbers of particles and revealed 
no qualitative or quantitative differences in particle morphology or distribution. W. ROBERT  ADAMS  AND  ALFIZED M. PRINCE  169 
It is concluded that these structures are a constant morphological component 
of the Ehrlich ascites  tumor and that  they probably do not represent  con- 
taminating virus.  Their morphology and distribution are  described, and the 
possible interpretations of their significance are discussed. 
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EXPLANATION  OF PLATES 
PLATE 29 
FIG. 1.  Electron  micrograph of an  uninfected  Ehrlich  ascites  tumor  cell.  Gross 
clumping of chromatin material in nucleus (N) is present, and pores (np) can be seen 
in the nuclear envelope. Also visible against a  background  of cytoplasmic granules 
are lipide inclusions (L), mitochondria (M), endoplasmic reticulum (er), and elements 
of the Golgi apparatus (G).  At (p) ca~ be seen a small dense particle within what ap- 
pears to be a vesicle of endoplasmic reticulum, and at (S) are structures which may 
represent altered mitochondria. Note the proximity of the intravesicle particle to the 
Golgi material, and the absence of granules on that portion of the vesicle immediately 
surrounding the particle.  X  41,100. THE  JOURNAL OF 
B~PHYSIC~  AND BIOCHEMIC~ 
CYTOLOGY 
PLATE 29 
VOL. 3 
(Adams and Prince: Virus-like particles of Ehrlich ascites tumor) PLATE 30 
FIG. 2.  Electron micrograph of juxtanuclear zone of an uninfected Ehrlich ascite- 
tumor cell. The different morphological appearances of the intravesicle particles are 
illustrated. Particles (a) through (e), respectively, indicate different degrees of attachs 
ment to the vesicle wall in the plane of this section (cf.  Text-fig. 1). Chain formation 
is seen at (f) (see also Fig. 6). Particles which have been sectioned near one pole appear 
as diffuse homogeneous dense areas (g). The general agranular nature of the investing 
membranes is  evident, though  occasional  suggestions of  granularity are  seen  (h), 
usually on portions of  the  membrane somewhat removed from  the  vicinity of  the 
particle, In this section smooth surfaced vesicles  (ss)  are  more numerous than rough 
surfaced reticulum (rs).  The spotty  distribution of granules on the latter is seen in 
several places (sd).  Portions of mitochondria (M) are present as well as small lipide 
inclusions (L),  Globules can be seen in the shell structure of particles (e)  and  (k). 
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FIGS. 3 to 8.  Enlargements of selected areas from Fig. 2 illustrating the occasional 
visualization of double structure in the outer lamella of the particles (arrows). Note 
that this duality of the outer lamella occurs in all morphological forms. The figures 
also depict more clearly than in Fig. 2 the various structural relationships which ap- 
pear  to  exist between  the  particles and the limiting membranes of the endoplasmic 
reticulum.  ×  200,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 31 
VOL. 3 
(Adams and Prince: Virus-like particles of Ehrlich ascites tumor) 